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Specification 



1. Title of the Invention : SEMICONDUCTOR DEVICE 

2 . Claims 

1. A semiconductor device, characterized by the fact that 
floating gate electrodes integrated on an element isolation 

region crosses an active region at two positions; and the 
thickness of gate insulating films under said floating gate 
electrodes is different from each other at the above-mentioned 
positions. 

2. The semiconductor device of Claim 1, characterized by 
the fact that in a nonvolatile memory element for storing 
information by holding electric charges in the above-mentioned 
floating gate electrodes, the electric charges are implanted into 
the above-mentioned floating gate electrodes from a semiconductor 
substrate through the part with a thick film thickness of the 
above-mentioned gate oxide film; and the electric charges are 
discharged to the semiconductor substrate from the above- 
mentioned floating gate electrodes through the part with a thin 
film thickness of the above-mentioned gate- oxide film. 

'Numbers in the margin indicate pagination in the foreign text. 



3. The semiconductor device of Claim 1 or 2 , characterized 
by the fact that a control gate electrode for controlling the 
potential of the above-mentioned floating gate electrodes and the 
potential of the surface region, which is the surface of the 
active region inserted between the above-mentioned floating gate 
electrodes and crosses at least said active region, by a capacity 
coupling is installed. 

4. The semiconductor device of Claim 3, characterized by 
the fact that source and drain regions consisting of an impurity 
region with an electroconductive type opposite to that of the 
above-mentioned semiconductor substrate are installed in the 
active region separated by the above-mentioned floating gate 
electrodes and the above-mentioned control gate electrode. 

5. The semiconductor device of Claim 4, characterized by 
the fact that the junction withstand voltage of the above- 
mentioned drain region and source region is different from each 
other; and the junction withstand voltage at the above-mentioned 
floating gate electrodes in which the thickness of the above- 
mentioned gate oxide film is thick is lower than the other 
junction withstand voltage. 

6. The semiconductor device of Claim 4 or 5, characterized by 
the fact that in a nonvolatile memory element consisting of the 
above-mentioned floating gate electrodes, the above-mentioned control 
gate electrode, and the above-mentioned source and drain regions, the 
active region is crossed at two positions; information is written by 
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implanting high-energy electric charges (hot carriers) generated in 
the substrate surface region into the part on the thick gate 
insulating film of the above-mentioned floating gate electrodes 
integrated on the element isolation region; the information is stored 
by storing the electric charges implanted in the above-mentioned 
floating gate electrodes; and the 1 2 

information is erased by pulling the electric charges stored in 
the above-mentioned floating gate electrodes out of the part on 
the thin gate insulating film by a tunnel transition to the 
substrate surface region. 

3 . Detailed explanation of the invention 
(Industrial application field) 

The present invention pertains to a semiconductor device. 
In particular, it pertains to a floating gate type nonvolatile 
memory cell structure with excellent controllability and 
reliability of an electric information rewrite operation and a 
small cell area. 
(Prior art) 

As a conventional semiconductor device having a floating 
gate, for example, a nonvolatile memory cell that enables an 
electric erasure operation is presented in IEEE, Journal of 
Solid-State Circuits, SC18 (1983), pp. 532-538. 

The above-mentioned memory cell consists of a MISFET having 
a floating gate electrode and a control gate electrode and 
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carries out write and erasure operations by a tunnel implantation 
of electrons into the floating gate from a substrate through a 
thin oxide film under the floating gate or a tunnel discharge of 
the electrons to the substrate from the floating gate. At that 
time, it is necessary to apply a high electric field of 10 MV/cm 
or more to the thin oxide film, and in order to realize this 
state at an external voltage as low as possible, the overlapped 
area of the floating gate electrode and the control gate 
electrode is required to be large. 

Thus, in the above-mentioned memory cell, the cell area is 
as large as about five times of an ultraviolet erasable EPROM 
cell having the same floating gate electrode and control gate 
electrode, and the memory cell has been disadvantageous in 
advancing a high integration and a large capacity. 

On the contrary, a memory cell in which the cell area can be 
reduced to about the same as that of the EPROM while holding an 
electric rewrite function is mentioned in IEEE, Journal of Solid- 
State Circuits, SC-22 (1987), pp. 676-683. 

Basically, this cell has the same structure as that of a 
conventional split gate type EPROM memory cell, however it is 
characterized by forming a thin tunnel oxide film over the entire 
surface of a gate oxide film under a floating gate electrode. 

In the EPROM, an erasure operation has been carried out by 
discharging electric charges stored in a floating gate by an 
ultraviolet irradiation, however in this cell, an electric 
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erasure is carried out by applying a high electric field of 10 
MV/cm or more to the tunnel oxide film between the floating gate 
electrode and the drain region existing at its lower part. 
Specifically, in a state in which at least the control gate 
electrode and the semiconductor substrate are grounded, a 
positive high voltage is applied only to the drain region. At 
that time, since the capacity coupling between the drain region 
and the floating gate electrode is small, even if the overlapped 
area of the floating gate electrode and the control gate 
electrode is not intentionally largely adopted, a high electric 
field can be efficiently applied to the tunnel oxide film. In 
other words, an electric erasure is possible by about the same 
cell area as that of the conventional EPROM. 

On the other hand, a write operation is realized by 
generating a high electric field in a region in the semiconductor 
substrate in which the drain region contacts with the channel 
region and implanting hot carriers into the floating gate 
electrode. It is totally the same as the conventional EPROM. 
(Problems to be solved by the invention) 

In the above-mentioned prior art, since a write operation 
and an erasure operation were carried out using the same drain 
region, it was very difficult to make the characteristics of both 
of them compatible. This phenomenon directly appeared as a 
trade-off when the junction withstand voitage of the drain region 
and the thickness of the tunnel oxide film were optimized. 
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In terms of write speed, the junction withstand voltage of 
the drain region was preferably set low so that no hot carrier 
might be easily generated, however in order to realize a high- 
speed and high-reliability erasure operation, it was necessary to 
maintain the junction withstand voltage at a fixed level or 
higher. 

The thickness of the tunnel oxide film was required to be 
set thick to reduce a semi -selection disturbance during the write /3 
operation, however the realization of a low-voltage and high- 
speed was hindered. 

The purpose of the present invention is to provide a 
nonvolatile memory cell structure that can respectively optimize 
write and erasure characteristics, has a small cell area, and 
enables an electric rewrite. 

Another purpose of the present invention is to provide a 
nonvolatile memory cell structure that has a large operation 
margin for an excessive erasure method in spite of one 
element/bit type and enables an electric rewrite. 
(Means to solve the problems) 

The above-mentioned purposes are achieved by carrying out a 
write operation and an erasure operation using separate regions 
of a memory cell. 

In order to realize these purposes, the floating gate 
electrode which has been installed only in a drain region is also 
separately installed in a source region, and the above-mentioned 
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two floating gate electrodes are connected (integrated) on an 
element isolation region, and the junction withstand voltage and 
the gate oxide film thickness under the floating gate electrodes 
may be respectively separately optimized in the drain region and 
the source region. 

If the write operation is carried out in the drain region 
and the erasure operation is carried out in the source region, 
the junction withstand voltage is higher in the source region, 
and the gate oxide film thickness under the floating gate 
electrodes is thicker in the drain region. 

More specifically, the junction withstand voltage is 
preferably set to about 3-9 V in the drain region and about 15 V 
in the source region, and the gate oxide film is preferably set 
to about 15-100 nm in the drain region and about 5-15 nm in the 
source region. 

The above-mentioned another purpose is achieved by 
installing a control gate electrode via a gate oxide film on the 
surface of an active region inserted between the above-mentioned 
two floating gate electrodes. 
(Operation) 

The floating gate electrodes are installed at two positions 
of the drain region and the source region, and the above- 
mentioned two floating gate electrodes are connected (integrated) 
on the element isolation region, so that electric charges written 
into the floating gate electrode from the drain region can be 
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pulled out (erased) to the source region, thereby being able to 
optimize the write and erasure characteristics respectively 
independently . 

As for a write characteristic, the generation and 
implantation efficiency of hot carriers is raised by lowering the 
junction withstand voltage of the drain region, and a low voltage 
of the write voltage and a high speed of the write speed are 
realized. Also, the drain disturbance phenomenon in a write 
semi-selection is considerably reduced by thickening the gate 
oxide film of the drain region, so that an operation as a large- 
scale memory array is possible. 

On the other hand, for an erasure characteristic, if the 
junction width voltage of the source region is raised and the 
gate oxide film thickness of the source region is directly 
thinned in the range where no problem is caused in the tunnel, a 
parasitic phenomenon called an unbalance in the source junction 
region is not caused, and a desired high electric field (10-13 
MV/cm) can be applied to the gate oxide film (hereinafter, the 
thin gate oxide film is called a tunnel oxide film) . As a 
result, an erasure operation due to the Fowler-Nordheim tunnel 
discharge of electrons can be realized at low voltage and high 
speed with good reliability. 

Also, with the installation of the control gate electrode 
via the gate oxide film on the active region inserted between the 
above-mentioned two floating gate electrodes, a channel region 
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under the above-mentioned floating gate electrode and a control 
transistor are formed in series. In the control transistor, the 
erasure operation is excessively carried out, and even if the 
floating gate electrode part is in a depletion state, an 
undesirable leak current is completely suppressed, so that a 
strong memory cell against the excessive erasure method can be 
realized by one element/bit type. 
(Application examples) 

Next, a first application example of the present invention 
is explained using Figures 1-10. 

Figure 1 is a cross section (2 bits) of the memory cell of 
this application example. Figure 2 is its plan view (4 bits). 
Figure 3 is an equivalent circuit diagram showing a memory cell 
array using the above-mentioned memory cell. Figures 4-10 are 
cross sections showing the same parts as those of Figure 1 in the 
manufacturing processes of the above-mentioned memory cell. 

First, using Figure 3, the outline of the operation of the 
memory cell array circuit is explained. 

In Figure 4, 21 is an X decoder, 28 is a Y decoder, and 29 
is a sense amplifier. Q m is a memory cell and consists of an 
insulating gate type field effect transistor having floating gate 
electrodes and a control gate electrode. The control gate 
electrode is connected to a word line WL. Also, a drain region 
is connected to a data line DL, and a source region is connected 
to an erasure line EL. Q s i and Q S 2 are switching elements for 
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connecting the erasure line EL to a ground potential such as 0 V 
of the circuit when writing and reading information and 
connecting an erasure potential V E such as 12 V when erasing 
information. In the write and readout operation, Q s2 is in a 
conductive state, and Q S i is in a nonconductive state. In the 
erasure operation, on the contrary, Q s i is in a conductive state, 
and Q S 2 is in a nonconductive state. In the write operation, a 
write potential V pi such as 6 V is applied to the data line DL, 
and in the readout operation, a readout potential such as 1 V is 
applied. In the erasure operation, a ground potential of the 
circuit such as 0 V or a low voltage up to about 2 V is applied 
or set to a floating state. In the write operation, a write 
potential V p2 such as 12 V is applied to the word line WL, and in 
the readout operation, a power supply voltage Vcc such as 5 V is 
applied. In the erasure operation, a ground potential of the 
circuit such as 0 V or a voltage of about - 2 to 2 V close to it 
is applied. 

Next, using Figures 1 and 2, the structure and the 
characteristics of the memory cell of this application example 
are clarified. 

As shown in Figure 1 or 2 , an insulating gate type field 
effect transistor as a memory cell consists of a thick first gate 
oxide film 4 formed on the principal plane of a p type 
semiconductor substrate 1, a thin first gate oxide film 
(hereinafter, called a tunnel oxide film) 5, a second gate oxide 
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film 7 with about the same thickness as that of the thick first 
gate oxide film 4, floating gate electrodes 6 on the first gate 
oxide films 4 and 5, a control gate electrode 9 on the second 
gate oxide film 7 and the floating gate electrodes 6, an 
interlayer oxide film 8, a n+ type semiconductor region 11 and a 
p+ type semiconductor region 13 installed to cover said region 
constituting a drain region, and a n+ type semiconductor region 
12 and a n- type semiconductor region 14 constituting a source 
region. 

Any of the first oxide films 4 and 5 and the second gate 
oxide film 7 is composed of a silicon oxide film due to a thermal 
oxidation of the surface of the semiconductor substrate 1, the 
thick first gate oxide film 4 and the second gate oxide film 7 
have a thickness of about 30 nm, and the. tunnel oxide film 5 has 
a thickness of about 10 nm. 

The interlayer oxide film 8 is composed of a silicon oxide 
film due to a thermal oxidation of the surface of a 
polycrystalline silicon film which is the floating gate electrode 

6 and has a thickness of about 30 nm. The control gate electrode 
9 is composed of a polycrystalline silicon film of the second 
layer and deposited on the surface of the second gate oxide film 

7 and the interlayer oxide film 8. Also, it is formed in a body 
with the word line WL and extended onto a field oxide film 2. 

Also, in order to reduce the wiring resistance of the word 
line WL, the control gate electrode 9 can also be formed of a 
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metal film with a high melting point, its metal silicide film, or 
a superposed film of polycrystalline silicon and metal silicide. 

The drain region is composed of the n+ type semiconductor 
region 11 and is connected to an aluminum data line 18 through a 
connecting hole 17. The n+ type semiconductor region 11 has a 
junction depth of about 0.2 m except for the part right under 
the connecting hole 17. 

The p+ type semiconductor region 13 is formed so that it may 
cover the above-mentioned drain region 11, and the improvement of 
the channel hot electron implantation efficiency during the write 
operation and the punch through prevention during the erasure 
operation are realized. The density of the p+ type semiconductor 
region 13 is about 3 x 10 17 cm"* 3 on the junction surface with the 
n+ type semiconductor region 11 and is expanded up to the depth 
of about 0.4-0.5 m. 

The source region consists of a n+ type semiconductor region 
12 and a n- type semiconductor region 14. The n+/n- 
semiconductor regions 12 and 14 constituting the source region 
extend in the extending direction of the word line WL between two 
memory cells connected to one aluminum data line 18 through two 
adjacent connecting holes 17 and form the erasure line EL. 

The junction depth of the n+ type semiconductor region 12 is 
about 0.2 m similar to that of the drain region. The n- type 
semiconductor region 14 is installed so that it may be interposed 
between the n+ type semiconductor region 12 and the p type 



13 



semiconductor substrate 1, and it has a function of raising the 
breakdown withstand voltage of the source junction. The density 
of the n- type semiconductor region 14 is about 1 x 10 19 cm" 3 at 
the interface with the n+ type semiconductor region 12, and its 
junction depth is about 0.5 m. At that time, the junction 
breakdown withstand voltage exceeds 20 V (when the resistivity of 
the p type semiconductor substrate 1 is 1 Q cm) . 

16 is an insulating film composed of a phosphorus silicic 
acid glass (PSG) film, for instance, and covers the principal 
plane of the p type semiconductor substrate 1. The oxide film 15 
and the PSG film 16 of the part on the n+ type semiconductor 
region 11 constituting the drain region are selectively removed, 
so that the connecting hole 17 is formed. Through the connecting 
hole 17, the data line 18 composed of an aluminum film is 
connected to the n+ type semiconductor region 11 for forming the 
drain region. Under a connecting hole 25, the junction depth of 
the n+ type semiconductor region 11 is deeper than the other 
parts, and the reliability of the ohmic contact with aluminum is 
raised . 

Also, the aluminum data line 18 is covered with a protective 
film composed of a PSG film of a CVD and a silicon nitride film 
on it, though it is not shown in Figure 1. 

The write, readout, and erasure operations of the memory 
cell are carried out by applying the voltage mentioned in the 
operation of the memory cell array circuit (see Figure 3) to each 
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region, and the mechanisms of the above-mentioned each operation 
are as follows. 

The write operation is realized by implanting hot electrons 
generated at the channel side end of the n+ type semiconductor 
region 11 for forming the drain region into the floating gate 
electrodes 8 [sic; 6]. Since the electrons implanted negatively 
charges the floating gate electrodes 6, the threshold voltage 
observed from the control gate electrode 9 is shifted to a 
positive direction in accordance with the amount of electric 
charges, and a high-level threshold voltage is realized. 

The erasure operation is carried out by pulling the 
electrons (negative electric charges) held in the floating gate 
electrodes 6 to the n+ type semiconductor region 12, which is 
part of the source region, through the tunnel oxide film 5. In 
the pulling-out, a Fowler-Mordheim tunnel discharge is used. 
Since the floating gate electrodes 6 which cross the active 
region at two positions are connected to each other on the field 
oxide film 2, the electrons implanted (written) from the drain 
region can be pulled out (erased) to the source region. Along 
with the discharge of the electrons, the potential of the 
floating gate electrodes 6 is raised, and the threshold voltage 
observed from the control gate electrode 9 is lowered. If the 
erasure advances further, the threshold voltage of the transistor 
part consisting of the second gate oxide film 7 and the control 
gate electrode 9 is finally seen. Thus, if this value is 
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appropriately adjusted, the memory cell is never in a depletion 
state . 

The readout operation is carried out utilizing that the 
level of the threshold voltage is reflected on the size of the 
memory cell channel current. 

Next, the effects of this application are mentioned. 

First, according to this application example, since the 
write operation and the erasure operation can be carried out in 
respective separate regions (places) , each characteristic can be 
independently optimized. In other words, the effects are as 
follows . 

(1) In the write operation, the resistance against the drain 
semi-selection disturbance is raised by thickening the first gate 
oxide film 4 of the drain region up to about 3 0 nm, so that the 
operation voltage margin can be improved. Also, since the n+ 
type semiconductor region 11 constituting the drain region is 
covered with the p+ type semiconductor region 13, the write 
efficiency is raised, and the above-mentioned operation voltage 
margin is further improved. 

(2) In the erasure operation, the thickness of the tunnel oxide 
film (first gate oxide film of the source region) 5 is thinned up 
to about 10 nm, and the source region has a high withstand 
voltage structure of a n+/n- double diffusion type, so that a 
high electric field of 10 MV/cm or more can be applied to the 
tunnel oxide film 5 by an operation voltage sufficiently lower 
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than the source junction withstand voltage. As a result, a high- 
speed and high-reliability erasure operation can be realized. 
(3) Since the above-mentioned structure can be respectively 
optimized in the drain region and the source region, high- 
performance and high-reliability write and erasure 
characteristics can be simultaneously realized without a trade- 
off. 

The other effects of this application examples are as 
follows . 

(1) Due to one element/bit type, the cell area is small, and a 
high integration and a large capacity are suitably realized. 

(2) Since the second gate oxide film 7 and the control gate 
electrode 9 are effectively acted as a selective transistor, the 
threshold voltage is never in a depletion state after erasing. 
As a result, in spite of one element/bit type, a strong erasure 
characteristic against an excessive erasure can be realized. 

(3) Even if the mask alignment of the floating gate electrodes 6 
and the control gate electrode 9 is shifted, the electrostatic 
capacity value between the above-mentioned two electrodes is not 
changed in the range where the end of the control gate electrode 
9 is not shifted from the floating gate electrodes 6. As a 
result, a strong memory cell structure is realized without the 
alignment 

Next, using Figures 4-10, the method for manufacturing the 
memory cell of this application example is explained. 
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As shown in Figure 4, a silicon oxide film 31 due to a 
thermal oxidation is deposited on the principal plane of the p 
type semiconductor substrate 1, and for example, using a silicon 
nitride film 32 due to a CVD as a thermal oxidation mask, a 
prescribed surface of the semiconductor substrate 1 is oxidized, 
so that the field oxide film 2 is formed. A p+ type channel 
stopper 3 is formed by introducing a p type impurity such as 
boron (B) by an ion implantation before forming the field oxide 
film 2. After forming the field oxide film 2, the silicon 
nitride film 32 and the silicon oxide film 31 are removed. 

Next, as shown in Figure 5, the thick first gate oxide film 
4 and the thin first gate oxide film (tunnel oxide film) 5 are 
respectively formed by thermally oxidizing the region exposed 
from the field oxide film 2. The thick oxide film and the thin 
oxide film are separately formed by applying the first thermal 
oxidation, selectively removing the oxide film of the region 
where the tunnel oxide film 5 is to be formed, and reapplying the 
second thermal oxidation. As the second oxidation condition, the 
thickness of the tunnel oxide film 5 is set to 10 nm. On the 
other hand, the first oxidation condition is set in accordance 
with the second oxidation so that the thickness of the thick 
first gate oxide film 4 may be 30 nm. 

On the above-mentioned first gate oxide films 4 and 5, a 
polycrystalline silicon film 6 1 being processed into floating 
gate electrodes in the postprocess is formed by the CVD, for 
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instance. The film thickness is about 200 nm. A n type impurity 
such as phosphorus (P) is introduced into the polycrystalline 
silicon film 6' by thermal diffusion, ion implantation, etc., and 
the resistivity of the film is lowered. 

Next, as shown in Figure 6, the polycrystalline silicon film 
6' is processed by a lithography, so that the floating gate 
electrodes 6 are formed. The active region is crossed at two 
positions. The floating gate electrodes 6 of one bit, as shown 
in Figure 2, are integrated on the field oxide film 2. Then, 
using the above-mentioned floating gate electrodes 6 as a mask, a 
p type impurity such as boron (B) is introduced at about 5 x 
10 1:L -1 x 10 12 pieces/cm 2 into the surface of the semiconductor 
substrate 1 by the ion implantation, and the threshold voltage of 
the active region inserted between the above-mentioned floating 
gate electrodes 6 is controlled to an enhancement type. 

Next, as shown in Figure 7, after removing the first gate 
oxide films 4 and 5 of the part which is not covered with the 
above-mentioned floating gate electrode 6, and the second gate 
oxide film 7 and the interlayer oxide film 8 are formed by a 
thermal oxidation. The film thickness is 30 nm. Then, in order 
to form the control gate electrode and the word line, a 
polycrystalline silicon film 9 1 with a thickness of 350 nm is 
formed by the CVD, for instance. A n type impurity such as 
phosphorus (P) is introduced into the polycrystalline silicon 
film by thermal diffusion, ion implantation, etc., so that the 
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resistance is lowered. 

Next, as shown in Figure 8, the polycrystalline silicon film 
9' is processed by the lithography, and the control gate 
electrode 9 and the word line WL are formed. After lightly 
oxidizing the surface, a mask 33 for forming a n- type 
semiconductor region composed of a resist film is formed. Then, 
using it as a mask, a n type impurity such as phosphorus (P) is 
introduced at about 2 x 10 14 -6 x 10 14 pieces/cm 2 into the surface 
part of the semiconductor substrate 1 by the ion implantation, 
so that the n- type semiconductor region 14 is formed. After /7 
removing the above-mentioned resist film 33, the above-mentioned 
n- type semiconductor region 14 may be drawn out by a high- 
temperature heat treatment. 

Next, as shown in Figure 9, a mask 34 for forming a p+ type 
semiconductor region composed of a resist film is formed. Then, 
using it as a mask, a p type impurity such as boron (B) is 
introduced at about 5 x 10 13 -1.5 x 10 14 pieces/cm 2 into the 
surface part of the semiconductor substrate 1 by the ion 
implantation, 

so that the n- type semiconductor region 14 is formed. After 
removing the above-mentioned resist film, the above-mentioned p+ 
type semiconductor region may be drawn out by a high- temperature 
heat treatment. 

Next, as shown in Figure 10, using the floating gate 
electrodes 6 and the control gate electrode 9 as masks, a n type 
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impurity such as arsenic (As) is introduced at about 5 x 10 -1 x 
10 16 pieces/cm 2 into the surface part of the semiconductor 
substrate 1 by the ion implantation, so that the n+ type 
semiconductor regions 11 and 12 are formed. Then, the 
crystallinity of the above-mentioned n+ type semiconductor 
regions 11 and 12 is recovered, drawn out, and diffused by a 
high-temperature heat treatment. In particular, a stable 
superposition of the n+ type semiconductor region 12 and the 
floating gate electrodes 6 is realized. Then, the oxide film 
which covers the surface of the semiconductor substrate 1, 
floating gate electrodes 6, and control gate electrode 9 is once 
removed, and the above-mentioned surface is re-oxidized up to the 
thickness of about 30-50 nm (formation of the oxide film 15) . 
Thus, the gate oxide film leak at the ends of the floating gate 
electrodes 6 is considerably reduced. 

Next, as shown in Figure 1, the insulating film 16 composed 
of a PSG film is formed by the CVD, for instance. Then, the 
connecting hole 17, data line 18 composed of an aluminum film, 
and a protective film, which is not shown in the figure, are 
formed, and the manufacturing processes of the memory cell are 
finished . 

Application Example 2 

Next, a second application example of the present invention 
is explained using Figure 11. 

Figure 11 is a cross section (2 bits) showing the memory 
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cell of this application example. 

In this application example, the source and drain region 
side ends of the floating gate electrodes 6 in the memory cell 
shown in the first application example are aligned with the end 
of the control gate electrode 8 and processed. 

With this application example, the occupied area of 1 bit 
can be reduced by about 10%, compared with the first application 
example . 

Also, in the above-mentioned first and second application 
examples, the n channel memory cell has been explained using the 
P tyP e semiconductor substrate. However, needless to say, an 
opposite electric conductivity may also be used. Also, the 
present invention is not limited to the above-mentioned first and 
second application examples, and needless to say, the present 
invention can be variously modified in the claim scope. 
(Effects of the invention) 

The present invention pertains to an electrically rewritable 
nonvolatile memory cell that stores information by storing 
electric charges in floating gate electrodes. With the above 
constitution, the following effects are exerted. 

First, since the writing operation and the erasure operation 
are carried out in mutually different regions in the above- 
mentioned memory cell, each operation characteristic can be 
mutually independently optimized, regardless of a trade-off. 

Also, in spite of one element/bit type memory cell, since 
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the constitutional elements being acted as a substantially 
selective transistor are stored and integrated in the memory 
cell, a fine memory cell with a large margin for an excessive 
erasure operation can be realized. 

As mentioned above, an electrically rewritable memory cell 
technique that can have about the same high integration as that 
of an ultraviolet erasure type EPROM, has high performances and 
high reliability, and is easily used is realized. 

4 . Brief description of the figures 

Figure 1 is a cross section showing the memory cell of an 
application example of the present invention. Figure 2 is a plan 
view showing the memory cell of Figure 1. Figure 3 is an 
equivalent circuit diagram showing a memory cell array using the 
memory cell of Figure 1. Figures 4-10 are cross sections showing 
the manufacturing processes of the memory cell of Figure 1. 
Figure 11 is a cross section showing another memory cell of the 
present invention . 

1 p type semiconductor substrate 

2 Field oxide film 

3 p+ type channel stopper region 

4 Thick first gate oxide film 

5 Thin first gate oxide film (tunnel oxide film) 

6 Floating gate electrode 

7 Second gate oxide film 
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8 Interlayer oxide film 

9 Control gate electrode (word line) 

11 n+ type semiconductor region (part of drain region) 

12 n+ type semiconductor region (part of source region) 

13 p+ type semiconductor region 

14 n- type semiconductor region (part of source region) 

15 Light oxide film 

16 PSG film 

17 Connecting hole 

18 Aluminum wiring (data line) 

21 X decoder 

22 Y decoder 

23 Sense amplifier 

31 Surface oxide film 

32 Silicon nitride film 

33 Photoresist film (mask for ion implantation) 

34 Photoresist film (mask for ion implantation) 
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Figure 3 : 
21 X decoder 
2 2 Y decoder 
23 Sense amplifier 
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